If genetically modified organisms (GMOs) are spread through the natural environment, it might affect the natural environment. To help prevent the spread of GMOs, we examined whether it is possible to introduce conditional lethality by excising centromeric DNA from a chromosome by site-specific recombination in Saccharomyces cerevisiae as model organism. First, we constructed haploid cells in which excision of the centromeric DNA from chromosome IV can occur due to recombinase induced by galactose. By this excision, cell death can occur. In diploid cells, cell death can also occur by excision from both homologous chromosomes IV. Furthermore, cell death can occur in the case of chromosome V. A small number of surviving cells appeared with excision of centromeric DNA, and the diploid showed greater viability than the haploid in both chromosomes IV and V. The surviving cells appeared mainly due to deletion of a recombination target site (RS) from the chromosome.
If genetically modified organisms (GMOs) are spread through the natural environment, it might affect the natural environment. To help prevent the spread of GMOs, we examined whether it is possible to introduce conditional lethality by excising centromeric DNA from a chromosome by site-specific recombination in Saccharomyces cerevisiae as model organism. First, we constructed haploid cells in which excision of the centromeric DNA from chromosome IV can occur due to recombinase induced by galactose. By this excision, cell death can occur. In diploid cells, cell death can also occur by excision from both homologous chromosomes IV. Furthermore, cell death can occur in the case of chromosome V. A small number of surviving cells appeared with excision of centromeric DNA, and the diploid showed greater viability than the haploid in both chromosomes IV and V. The surviving cells appeared mainly due to deletion of a recombination target site (RS) from the chromosome.
Key words: cell death; centromere; site-specific recombination; Saccharomyces cerevisiae; genetically modified organism Recombinant DNA is a powerful technique for breeding organisms and producing useful materials with foreign genes. By this technique, many kinds of genetically modified organisms (GMOs) have been constructed recently. Some of them are now cultivated on a large scale for use in agriculture and in the production of enzymes and pharmaceutical drugs. If GMOs are spread through the natural environment, it might affect the natural environment and cause ecological imbalances. To prevent the spread of GMOs in the natural environment, it is thought to be effective to introduce conditional lethality or sterility into GMOs.
In plants, sterility is introduced by suppressing the expression of a gene involved in pollen formation by genetic engineering. 1, 2) To ensure prevention of the spread of GMOs, various systems causing conditional lethality or sterility should be introduced into them. As one approach, we are considering a new system excising a centromeric DNA from a chromosome by site-specific recombination under specific conditions or in gamete formation. Hence in the present study we examined whether it is possible to cause cell death by excision of centromeric DNA from a chromosome by site-specific recombination in Saccharomyces cerevisiae as model organism. S. cerevisiae is widely used to produce industrial substrates and pharmaceutical drugs by introducing foreign gene on a large scale. S. cerevisiae is a unicellular organism that can exist both in haploid and diploid cells. By using S. cerevisiae as a higher organism cell death can be examined in diploid cells.
The centromere is a specific chromosomal domain that acts as a kinetochore-complex attachment site for the spindle and functions in the segregation of the chromosome during mitosis and meiosis. In S. cerevisiae, all 16 centromeric DNAs have short conserved DNA elements about 120-bp in length, and are organized into three centromeric DNA elements. [3] [4] [5] CDEII, a 78 to 86-bp highly A+T rich sequence, is flanked by two highly conserved protein binding sequences, 8-bp CDEI, RTCACRTG (R ¼ purine) and 25-bp CDEIII (TGTT/ ATT/ATG..TTCCGAA.....AAA). We have developed chromosome engineering techniques that make it possible to excise a chromosomal DNA fragment from a chromosome using a site-specific recombination system of a plasmid pSR1 derived from the yeast Zygosaccharomyces rouxii. 6) In this study, by this technique, cell death occurred due to excision of centromeric DNA from chromosome IV in haploid cells. Cell death also occurred due to excision of centromeric DNAs from both of the homologous chromosomes IV in diploid cells. Moreover, cell death occurred in the case of chromosome V. A small number of surviving cells appeared with excision of centromeric DNA, and diploid cells showed higher viability than haploid ones in both chromosomes IV and V. The survivors appeared mainly due to deletion of an RS from the chromosome.
Materials and Methods
Strains, plasmids, media, and genetic methods. The S. cerevisiae strains and oligonucleotides used in this study are listed in Table 1 and  Table 2 
] was used as host for plasmid construction. YPAD nutrient medium and synthetic media SGlc, SGal, and SRaf, containing glucose, galactose, and raffinose as carbon sources for S. cerevisiae, and LB medium for E. coli were described previously.
7) The yeasts were cultivated at 28 C, and E. coli at 37 C. Standard genetic methods for E. coli and S. cerevisiae were applied, as described by Sambrook et al. 8) and Rose et al. 9) respectively. Plasmid pHM209, used for the expression of R recombinase was described previously. 10) To construct plasmid pHM209R À , in which the R-recombinase gene was disrupted, pHM209 was cut at the BglII site within the ORF of the R-recombinase gene, and we filled in the end with the Klenow enzyme, which self-ligated. To excise the centromeric DNA from chromosome IV, the CEN4 DNA on the chromosome was replaced with RS-CEN4-HIS3-RS DNA. To effect this replacement, a 5.7-kb DNA fragment containing RS-CEN4-HIS3-RS DNA was excised from pHM409 with BamHI and EcoRI. pHM409 is based on plasmid YCp19, 11) which contains a 3.6-kb EcoRI-BamHI CEN4 fragment. CEN4 was flanked with two RSs in the same direction by insertion of the RS and HIS3-RS DNAs at the PvuII and HpaI sites respectively in the CEN4 region of YCp19. S. cerevisiae strains KA311A and KA311B were transformed with the 5.7-kb DNA fragment to replace CEN4 with RS-CEN4-HIS3-RS DNA. To excise the centromeric DNA from chromosome V, the CEN5 DNA on the chromosome was replaced with RS-CEN4-URA3-RS DNA. To construct a plasmid to be used in the preparation of the RS-CEN4-URA3-RS DNA, pTM14 was constructed first. A 0.7-kb RS fragment excised from pSRT322 6) with HpaI and SalI was ligated with a 7.1-kb fragment excised from YEp24 11) with SalI and SmaI. The resulting plasmid was cut with HindIII, blunted with the Klenow enzyme, and cut with EcoRI. The resulting 5.6-kb fragment was ligated with 1.7-kb CEN4 DNA excised from YCp19 with EcoRI and PvuII. The resulting plasmid was designated pTMA1. The HpaI site of pSRT322 was converted to a SmaI site by digestion with HpaI and ligation with the SmaI linker (Takara Bio, Shiga, Japan). The resulting plasmid was designated pTMA2. pTMA2 was cut with SalI, blunted with Klenow, and digested with EcoRI. The 2.6-kb RS fragment generated was ligated with a 6.4-kb fragment containing CEN4 excised from pTMA1 with EcoRI and HpaI. The resulting plasmid was designated pTM14.
Next, pGC1 was constructed. The NcoI site of pHM741 7) containing the 3.8-kb BamHI CEN5 fragment was converted to a SalI site by digestion with NcoI, blunt-ending, and ligation with the SalI linker, and the resulting plasmid was designated pGC1. The 3.4-kb RS-URA3-CEN4-RS DNA was PCR-amplified with primers CEN5EXSa and CEN5EXPm with pTM14 as template. The amplified DNA fragment was doubly digested with SalI and PmaCI and ligated into pGC1, in which the CEN5 DNA was excised by digestion with the same restriction enzymes. The resulting plasmid was designated pGC2, and it was used in the preparation of RS-URA3-CEN4-RS DNA. Strains KA311A and KA311B were transformed with 6.8-kb BamHI RS-CEN4-URA3-RS DNA. Strains KA311A and KA311A, with a DNA construct to excise the centromeric DNA, were transformed with pHM209 or pHM209R
À . The resulting transformants were used in an assay for the occurrence of cell death in haploid cells. To generate a genetic marker for hybridization, pRS315 12) was used in the transformation of strains KA311B and KA311B, which have a DNA construct for excising the centromeric DNA (transformants YCD107-YCD109). Diploid strains used in an assay for the occurrence of cell death were made by mating the strains, as described below: YCD201, YCD101 Â YCD108; YCD202, YCD103 Â YCD108; YCD203, YCD103 Â YCD107; YCD204, YCD105 Â YCD109. MAT his3-532 leu2-3,112 trp1-289 ura3-1,2 pho3-1
This study
This study Table 2 .
Oligonucleotides Used in This Study
Oligonucleotide Sequence
Assay for cell death. We examined whether cell death occurred in the plate and liquid cultures. To examine plate culture, yeast cells were grown in SRaf medium, and the cultures were diluted 1,000-, 100-, or 10-fold with sterilized water. Equal volumes of dilutions were spread on SGlc and SGal plates and incubated at 28 C for 2 d and 5 d respectively. The numbers of colonies that appeared on the SGlc and SGal plates were counted. More than 300 cells were examined using several plates in each experiment. Viability was expressed as the ratio of the numbers of colonies appearing on the SGal plates to the numbers of appearing on the SGlc plates. To examine liquid culture, yeast cells were grown in SRaf medium, and the cultures were inoculated in SGal or SGlc medium and incubated at 28 C. To examine the growth of the cells, the cultures were removed at various time points, and the optical density of the cultures at 660 nm was measured. To determine the numbers of viable cells in liquid culture, the cultures were removed at various time points and spread on SGlc plates after appropriate dilution. The numbers of colonies appearing on the SGlc plates were counted. The relative number of viable cells at each time point was expressed as the ratio of the numbers of colonies at each time point to the numbers at 0 h. The relative number of viable cells at each time point was taken to be the relative viability.
Southern hybridization analysis of chromosomal DNAs. YCD101 cells cultured in SRaf medium were incubated in SGlc or in SGal medium at 28 C for 8 h. Samples were removed at 0, 4, and 8 h after the initiation of incubation. The chromosomal DNAs of the cells were prepared as described previously. 6) They were separated by pulsedfield gel electrophoresis 13) by the CHEF DRII Pulsed Field Electrophoresis System (Bio-Rad Laboratories, Hercules, CA). They were blotted on nylon membrane and hybridized with DIG-labeled CEN4 DNA (513-bp DNA PCR-amplified with primers CEN4P51 and CEN4P31) or HIS3 DNA (531-bp DNA PCR-amplified with primers HIS3code5 and HIS3code3) as probe. Southern hybridization was done with a DIG DNA Labeling and Detection kit (Roche Diagnostics, Mannheim, Germany) following the protocol recommended by Roche. Chemiluminescence detection of the DIG-labeled DNA probe was done using CDP-Star (Roche) instead of colorimetric detection.
Analysis of surviving cells. Five clones of surviving cells were obtained by repeating the plate assay several times in YCD101 cells. To determine whether excision of centromeric DNA from chromosome IV took place in the surviving cells, genomic DNA was prepared from five clones of surviving cells by a method described previously. 6 ) PCR using these genomic DNAs as template and primers CEN4Hpa and CEN4Pvu was performed. Amplified DNA products were subjected to agarose gel electrophoresis to estimate the sizes of the DNA products. If excision of the centromeric DNA has taken place, the size of the amplified DNA decreases from 3.0 kb to 0.8 kb. The nucleotide sequences of two RSs each in five clones was determined with the PCR-amplified DNA products as template. The nucleotide sequences of the Watson and the Crick strand of the DNA containing an RS on the left arm were determined using primers CEN4Pvu and CEN4P31C respectively. The nucleotide sequences of the Watson and the Crick strand of the DNA containing an RS on the right arm were determined using primers HIS3RSseq and CEN4Hpa respectively.
Results and Discussion
Induction of cell death in haploid cells To determine whether cell death can be caused to occur by excising centromeric DNA from a chromosome in haploid cells, we constructed haploid cells replaced the CEN4 with the RS-CEN4-HIS3-RS construct having two recombination target sites (RSs) on both flanks of the CEN4 in the same direction on chromosome IV, and introduced R-expression plasmid (YCD101 strain). Since the R gene is under the control of the GAL1 promoter, R recombinase was produced in SGal medium, and then the CEN4 was excised from chromosome IV by recombination between the two RSs. Chromosome IV, lacking CEN4, is easily lost from the cell during mitotic growth. Cell death occurs due to a lack of many essential genes on chromosome IV, the second-largest chromosome in S. cerevisiae.
14) After cultivation in SRaf medium, the cultures were diluted 10-fold or 1,000-fold with sterilized water, and then equal volumes of the dilutions were spread on SGlc and SGal plates. Many colonies appeared on the SGlc plate but hardly any on the SGal plate. In the original strains without the RS-CEN4-HIS3-RS construct (the YCD103 strain), many colonies appeared even on the SGal plate. Furthermore, with disruption of the R gene in the Rexpression plasmid, many colonies also appeared on the SGal plate (the YCD102 strain). Similar results were obtained with the 10-fold and the 1,000-fold dilutions. From the numbers of colonies appearing on the plates, the viability of the cells, that is, the ratio of the numbers of colonies on the SGal plate to the numbers on the SGlc plate, was calculated. The viability of the YCD101 strain was 1:4 Â 10 À5 , but the viabilities of the YCD102 and YCD103 strains were approximately 1 ( Table 3) . Hence cell death occurred due to excision of centromeric DNA from the chromosome.
Next we examined growth and viability of these strains in liquid media. In SGlc medium, the cells of all strains grew well and reached stationary phase at about 30 h after the initiation of incubation (Fig. 1A) . In SGal medium, the YCD102 and YCD103 strains grew slowly, and the YCD101 strain hardly grew at all. The growth of YCD101 was significantly slower than that of the YCD102 or the YCD103 strain. The slower growth of the YCD102 and YCD103 strains in SGal medium as compared to SGlc medium was probably due to the fact that ability to utilize galactose is lower than the ability to utilize glucose in these strains. Although the relative viability of the YCD101 cells, that is, the relative numbers of viable cells, were gradually reduced and reached about 6 Â 10 À4 at 8 h after the initiation of cultivation in SGal medium, the relative viabilities of the other strains remained at more than 1 (Fig. 1B) . The relative viability of the strains except for YCD101 rose because the cells grew and relative viability is expressed as the ratio of the numbers of viable cells at each sampling time to that at 0 h. Southern hybridization of the chromosomal DNAs separated by pulsed-field gel electrophoresis indicated that the centromeric DNA of 
------------------------------------------------------Diploid
RS-CEN4-HIS3-RS RS-CEN4-HIS3-RS 6:9 Â 10 À4 AE 0:6 Â 10 the YCD101 cells was almost completely excised from chromosome IV at 4 h after the initiation of cultivation in SGal medium (Fig. 2) . These results indicate that cell death can occur due to excision of centromeric DNA from a chromosome.
Induction of cell death in diploid cells
In attempting to cause cell death by excising centromeric DNA from chromosomes in diploid cells, we thought that centromeric DNA must be excised from both of the homologous chromosomes. Three strains, YCD201 (centromeric DNAs of both homologous chromosomes IV were replaced with the RS-CEN4-HIS3-RS construct, RS-CEN4-HIS3-RS/RS-CEN4-HIS3-RS), YCD202 (a centromeric DNA of one of the homologous chromosomes IV was replaced with the RS-CEN4-HIS3-RS construct, RS-CEN4-HIS3-RS/CEN4), and YCD203 (centromeric DNAs of both the homologous chromosomes IV were not replaced, CEN4/CEN4), were cultivated in SRaf medium, an equal volume of diluted cultures was spread on both SGal and SGlc plates, and growth was examined. On the SGal plate, colonies hardly appeared of the YCD201 strain, but many small colonies appeared of the YCD202 strain and many appeared of the YCD203 strain. Moreover, many colonies appeared on an SGlc plate in these three strains. Judging by numbers of colonies appearing on the SGal plates after 5 d of incubation, the viability of diploid strain YCD201 was extremely low (6:9 Â 10 À4 ), but it was higher than that of the haploid strain (1:4 Â 10 À5 ) ( Table 3 ). The viability of the YCD202 strain was 0.5, slightly lower than that of the YCD203 strain. The diploid with 2n-1 (aneuploid) showed significantly slow growth. Perhaps the gene products of chromosome IV were insufficient to grow at normal rate due to loss of a chromosome IV. Because the diploid with 2n-1 forms an extremely small colony on a plate, we thought that we could not count all the colonies, and that viability fell to 0.5. Hence we examined growth of these strains in liquid media (Fig. 3A) . In SGlc medium all the strains grew well. In SGal medium growth was lower in order YCD203, YCD202, and YCD201. The YCD201 strain showed extremely slow growth in SGal medium. The relative viability of the YCD201 strain decreased gradually, and showed about 4 Â 10 À3 at 8 h after the initiation of incubation (Fig. 3B ). In comparison with the viability of the haploid, the diploid showed higher viability in both plate and liquid culture. These results indicate that cell death occurred due to excision of a centromeric DNA from both of the homologous chromosomes. In diploid cells, to cause the loss of both homologous chromosomes, centromeric DNA must be deleted from both homologous chromosomes at the same time or nearly so. This can raise the viability and the relative viability of diploid cells as compared with haploid cells. Similar results were obtained in the case of excision from chromosome V in plate culture. The viability of haploid and diploid cells was 2:3 Â 10 À5 AE 0:2 Â 10 À5 and 2:1 Â 10 À4 AE 0:7 Â 10 À4 respectively (means AE SD, n ¼ 3).
In the present study, we demonstrated that cell death occurred due to excision of centromeric DNA from a chromosome and from both homologous chromosomes in haploid and diploid cells respectively of S. cerevisiae by the use of site-specific recombination. This cell death system has the potential to prevent the spread of GMOs in the natural environment by introducing conditional lethality or sterility. For practical use of the cell death system, it is important to reduce viability as much as possible. When YCD101 cells were cultivated on SGal plates to induce excision of centromeric DNA from chromosome IV, an extremely small number of colonies appeared. Such survivors also appear to have appeared in liquid culture, because the growth of YCD101 cells began to recover after 50 h of incubation in SGal medium (Fig. 1A) . The mechanisms of the appearance of surviving cells are thought to be as follows. (i) Excision does not occur due to deletion of the RS DNA from chromosome IV. (ii) Expression of the P GAL1 -R gene on the recombinase expression plasmid was repressed in the surviving cells. (iii) The excised DNA fragment containing the CEN4 DNA was integrated somewhere on chromosome IV. (iv) A centromeric DNA was newly constructed somewhere on chromosome IV after excision of the CEN4 DNA (a neocentromere was formed). (v) Chromosome IV, lacking the CEN4 DNA, was fused to another chromosome. In Schizosaccharomyces pombe, dysfunction of centromeric DNA due to excision of centromeric DNA from a chromosome in haploid cells generates the construction of new centromeric DNA in the telomere on the chromosome or the fusion of a chromosome lacking centromeric DNA with another chromosome. 15) These phenomena can perhaps also occur in S. cerevisiae. The experiment on S. pombe did not reveal deletion of the RS DNA and repression of the expression of the recombinase gene, because cells in which the centromeric DNA had been excised were selected. Elucidation of the mechanism of the appearance of surviving cells is thought to indicate a strategy for reducing viability. Hence we examined the reason for the appearance of viable cells. Five clones of surviving cells appeared several times in the plate assay of YCD101. As for their clones, we tested whether centromeric DNA was excised from chromosome IV by PCR analysis of the centoromere region using genomic DNA of the surviving clones as template and primers CEN4Hpa and CEN4-Pvu. If excision of the centromeric DNA has taken place, the size of the amplified DNA decreases from 3.0 kb to 0.8 kb (Fig. 4A) . A 3.0-kb DNA fragment and a 0.8-kb DNA fragment were amplified in clones 1-4 and clone 5 respectively (Fig. 4B) . The results indicate that the centromeric DNA was excised from chromosome IV in clone 5 but not in clones 1-4. Furthermore, sequencing analysis of the RSs located on both sides of the centromeric DNA indicated that one of the two RSs was deleted from chromosome IV in clones 1-4, and that the centromeric DNA was precisely excised by recombination between the two RSs in clone 5 (Fig. 5A ). Therefore, excision did not occur due to deletion of an RS from chromosomes IV in clones 1-4. Surprisingly, the same nucleotide sequence was deleted in the four clones (Fig. 5B) . It is thought that from the deleted nucleotide sequence, deletion of RS was generated by recombination between two 5 0 -TCGA-3 0 sequences located on both sides of the RS fragment. Suppression of the deletion of RS is thought to be made possible by deleting the The growth (A) and relative viability (B) of diploid cells in which centromeric DNAs of both homologous chromosomes IV were replaced with the RS-CEN4-HIS3-RS construct (YCD201, and ), a centromeric DNA of one of the homologous chromosomes IV was replaced with RS-CEN4-HIS3-RS construct (YCD202, and ), and the centromeric DNA of neither homologous chromosomes IV was replaced (YCD203, and ) were examined. Cells of each strain cultured in SRaf medium were incubated in SGal medium ( , , and ) or SGlc medium ( , , and ). Growth and relative viability were examined as described in the legend to Fig. 1 . For growth, three independent experiments were performed, and they showed similar results. The results of one of the experiments are plotted. The others are shown in supplemental Fig. S2 . The experimental data with SD for relative viability are shown in the supplemental Table S2. fusion, as observed for S. pombe. It is of interest to analyze clone 5 in karyotypic evolution and the formation of neocentromeres. In addition to suppression of the appearance of surviving cells, excision of the centromeric DNA from multiple chromosomes (e.g., chromosomes IV and V) is thought to be effective in reducing viability. Thus viability should be reduced to less than 10 À6 , defined as the level of sterilization in general. We analyzed the character of five clones of surviving cells. Four of the five clones indicated mechanism i. The rate of deletion of RS in diploids is thought to be 2-fold higher than that in haploids from the numbers of RSs. From the rate of deletion of RS, the viability of diploids is thought to be only 2-fold higher than that of haploids. The reason for the higher viability of diploids is thought to be that centromeric DNA must be deleted from both of homologous chromosomes at the same time or nearly the same time for both homologous chromosomes to be lost. Mechanism ii might make no difference to the viability of diploids and that of haploids.
When GMOs escape to the natural environment, to induce excision of centromeric DNA from a chromosome, it is desirable that the promoters of the R gene are induced by conditions such as exposure to stronger light, light of a specific wavelength, or specific safe chemicals (e.g., in the case of tank culture of microorganisms). To obtain such promoters, it is necessary to screen the most suitable ones from yeast genomic DNA. Moreover, expression by the promoters of meiotic-specific genes can confer sterility. Site-specific recombination of R recombinase functions in plant cells. 16, 17) In S. crevisiae, the centromeric DNA is very small in size, and the centromere function can be switched off or on by placing the centromere immediately downstream of the inducible GAL1 promoter. 18) However, this method is inadequate for large centromeres such as plant centromeres. In plants, one copy of the RS fragment can perhaps be introduced precisely into a position on the side of a centromere by gene targeting. By repeating gene targeting, RS can be integrated into the right and left sides in turn of the centromere on a chromosome. If one selects the proper promoter and reduces viability as much as possible, this system should be useful for preventing the spread of GMOs in various organisms. A, Schematic diagram of the RS-CEN4-HIS3-RS region in chromosome IV and the results of sequencing analysis of RSs with primers CEN4Hpa, HIS3RSseq, CEN4Pvu and CEN4P31C in five surviving clones. Sequencing analysis indicated that one of the two RSs was deleted from chromosome IV in clones 1-4 (indicated by ''Deletion'') and that excision took place precisely in clone 5 (''Excision''). Small arrows with CH, HR, CP, and C3 represent the positions of oligonucleotide primers CEN4Hpa, HIS3RSseq, CEN4-Pvu, and CEN4P31C for sequencing analysis, respectively. B, The nucleotide sequences of original RS fragment and RS fragments having deletion generated in clones 1-4. The binding sequence of R recombinase 19) is indicated by an arrow. A, Strategy for excision of the centromeric DNA from chromosome IV in YCD101 cell. A YCD101 cell was constructed by replacing CEN4 with the RS-CEN4-HIS3-RS construct and introducing the R-expression plasmid, pHM209. Recombination between two RSs by the action of R recombinase leads to excision of the centromeric DNA as a 2.2-kb circular DNA from chromosome IV. The size of the PCR-amplified DNA with genomic DNA as template and primers CEN4Hpa and CEN4Pvu is reduced from 3.0 kb to 0.8 kb by excision of the centromeric DNA. Arrowheads indicate RSs. Small arrows with CH and CP represent the positions of oligonucleotide primers CEN4Hpa and CEN4Pvu for PCR analysis, respectively. B, PCR analysis of chromosomal DNA to detect excision of the centromeric DNA in surviving cells. Genomic DNA was prepared from KA311A cells (K), YCD101 cells (Y), and five clones of surviving cells (1) (2) (3) (4) (5) . DNA was amplified by PCR with genomic DNAs as template and primers CEN4Hpa and CEN4Pvu. The DNA products were separated by agarose gel electrophoresis and then stained with ethidium bromide. M1, !-BstPI digest. M2, 100-bp DNA ladder (Toyobo, Osaka, Japan).
